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Introduction and motivation

Why focus on the tensor part ?

The tensor force is a key ingredient of all vacuum NN interaction

It has an impact on the shell structure of stable and unstable nuclei
Until recent, it was however mostly absent in self-consistent mean-field
methods

T. Otsuka PRL 97 (2006) 162501 ; B. A. Brown, PRC 74 (2006) 061303 ; G. Colo PLB 646 (2007) 227 ; T. Lesinski PRC 76 (2007) 014312 ;

M. Zalewski PRC 77 (2008) 024316 ; W. Zou PRC 77 (2008) 014314

Its contribution to s.p. energies is dependent on the filling of shells : it
(nearly) vanishes in spin-saturated nuclei and might be significant if
only one level out of the two spin-orbit partners is filled

Deformation breaks this simple picture . sender PRc 80 2009) 064302)
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Introduction and motivation

The Skyrme energy density functional in 1 slide

The energy of the atomic nucleus can be expressed by means of an
energy density functional (EDF)

& =Exin+ &k + gpairing + Ecoulomb T Ecorr

The Skyrme EDF can be considered to be generated by a zero-range
2-body effective interaction including a density-dependent term

Esic = /d3 {Ct of + Ctst + Ct pptApt + CVS(V St) + CAsSt Asy
t=0,1

+cf (St Ti— ), ]t,zwlt,w) +C (Y Ji 481V x i) + CF (prty — j7)

HV=XY,2
+ct [St Fr—> (y ; Z]t,W) -3 V_Zx:/y, It yv]t,vy] }
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Introduction and motivation

The Skyrme energy density functional in 1 slide

The energy of the atomic nucleus can be expressed by means of an
energy density functional (EDF)

&= Exin+ & + gpairing + Ecoulomb + Ecorr

The Skyrme EDF can be considered to be generated by a zero-range
2-body effective interaction including a density-dependent term

Unfortunately, the density in the EDF is not god-given, hence we must
use the variational principle

0E=0
How about rotational bands ? We can use the self-consistent cranking
approximation
gw =f-w <] x>
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Introduction and motivation

And why look at tensor terms in superdeformed bands?

Eok = /d3r {Cfpt +Cis? + CpPpepr + CY* (V- 51)% + sy - sy
t=0,1

+CtT(Sf'Tf_ ) ff,w]f/w)+Ctv'](PtV'Jt+St'VXit)+Cf(PtTt—i%)

WY=XY,2
+ Ct [St F — ( Z Ji yy) % Z ]t,pw]t,vy} }
H=XY,z WY=XY,z

What is the evolution of the tensor terms and the effect of different
parameterizations in a rotating nucleus ?

What is the influence of the additional “time-odd” terms enter because
of the tensor interaction ?
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Introduction and motivation

Some technical details ...
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protocol as the SLyx parameterization (r. Lesinski
60 = Tg ey 1 PRC 76 (2007) 014312)
S Td4 T66 C 1. ..
00 . T22 has vanishing tensor terms at sphericity
. SLy4 . o
ST Tod and should therefore have properties close to
-60 + Q o 1
N that of SLy4
T T62
120 ‘.. 4
T44 has the same Cg coupling constant as T22,
M 0w 1o s 2w buta C{) coupling constant of 120 MeV fm®
C)[MeV fm’]
Technical details

HEFB plus self-consistent cranking calculations plus LN

T22 and T44 were used in the p-h channel (C2* = CY*=0 unless
otherwise indicated)

a density-dependent d-interaction with strength -1250 MeV fm~ was
used in the p-p channel

Université Libre de Bruxelles
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Tensor terms in 194} 1g

The ground superdeformed band in 1**Hg
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Difference between SLy4 and T22 is
caused by neutrons
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the same behavior, staying more or less
constant up to a certain /iw until they start
decreasing under the influence of rotations
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Contributions to the total energy : Contributions to the total 7 (2):
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Contributions to the total energy :
time-odd
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The position and
ordering of the
quasiparticles
evolves when
moving from SLy4
to T22 to T44

This influences the
initial interactions
between the
Routhians, which in
turn influences their
alignments and the
position of
consequent
interactions.
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1 Similar conclusions
1 as for the neutron

] quasiparticle

i Routhians

] For both proton and
= 1 neutron
2 - quasiparticle
W 1 Routhians, we

observe a faster
alignment with fiw

1 for T44 as compared
] to SLy4 and T22
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Introduction and motivatios Tensor terms in Conclusion and outlook

Conclusions

The influence of the tensor terms in the Skyrme EDF on the calculated
properties is a subtle one : on the one hand, there is the direct influence
because of the presence of the tensor terms and their specific value of the
coupling constants ; on the other hand, there is the indirect influence on
other terms through self-consistency

Overall, no “dramatic” changes are observed when the tensor terms are
included and when a consistently constructed parameterization is used.
The general features of our results (such as shape of the 7 (), charge
quadrupole moments, ...) are preserved with the TIJ parameterizations,
pointing towards the robustness of the method.

Small differences in the quasiparticle spectrum at Jo=0 influence the
alignments and the J )

We have also studied the influence of the coupling constants of the
additional time-odd terms that enter because of the tensor interaction. A
study of finite-size instabilities as well as the influence of the tensor
terms in odd nuclei is underway.
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